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(54) SPUTTERING TARGET AND PART FOR THIN FILM-FORMING APPARATUS 

(57) The present invention provides a sputtering tar- 
get and a component part of thin film forming equipment 
including a high-purity copper alloy, which have a small 
wiring resistance, excel in resistance to electro-migra- 
tion and oxidation, and are able to form a wiring film 
having excellent uniformity of ttm corrposrbon and film 
thickness. Such a sputtering target and component part 
of thin film forming equipment are manufactured from a 

high-purity copper alloy, wherein the content of each of — 

Na and K is 0.5 ppm or less, the content of each of Fe, 

Ni, Cr, AJ. and Ca is 2 ppm or less, the content of oxygen 

is 5 ppm or less, the content of each of U.and Th is 1 

ppb or less, the content of Mg is 0.02 to 4wt%, and the 

content of copper is 99.99wt% or more in the remaining 

copper other than the gaseous components and Mg. 
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Description 
Technical Field 

5 [0001] The present invention relates to a spattering target and a component part of thin fim forming equipment 
comprising a high-purity copper alloy for the manufacture of a semiconductor thin film wiring material for an LSI Of the 
like. More specif cany, the present invention relates to a sputtering target which is capable of forming a wiring f8m that 
excels in resistance to electro-migration and oxidation, and in the unrforrnrty of the film thickness and a component part 
of thin film forming equipment having the same composition as the target 

10 

Background Art 

[0002] Heretofore, AJor AJ alloys have generafly been used as wiring materials for semiconductor integrated circuits 
or the like. However, with the size reduction of elements and wiring due to increase in the density of integrated circuits, 

75 the proWems of increase in wiring resistance and eieclro-migration or the like have arisen. In order to solve these prob- 
lems, stuctes have been earned out on wiring utfeing copper which has a lew resistance and excels in resistance to 
efectrr>*Tigration as a material substituting AJ, and wiring made of pure copper has practically been utilized. Also, con- 
current with increase in the number of layers, sputtering equipment of which component part of the film forming cham- 
ber rs subjected to erosion has practical ry been used in a special sputtering method which excels in step coverage for 

20 forming fims on which contact holes or the like having a large aspect ratio are formed. 

[0003] However, due to ncrease in complexity of the process caused by further size reduction and increase in the 
nurnber of layers of wiring, even cepper wiring has not been able to meet the requirements. Under such a situation, cop- 
per alloys having better resistance to e*ectn>rrtgration and to oxidation during the process are attracting attention as 
wiring materials. Also, as the component part subjected to erosion used in the above-described sputtering equipment, 

25 pure copper of the purity of 5 nines or more has been used even if wiring is made of a copper alley. However, the fim 
thus formed has not necessarily had satisfactory unrformrty of film competition and film thickness. 
[0004] Although copper alloys have been stucied, rf an element is added for improving resistance to electro-migra- 
tion and oxidation, wiring resistance increases, whie rf wiring resistance is lowered belcw a certain value, resistance to 
eJectrc-rnicration and oxidation cannot be obtained. Therefore, the alloy system and the corrposrbon thereof meeting 

30 both requirements by solving such an antromic problem have not been obtained. 

[0005] The present invention provides a sputtering target and a component part of thin fim forming ec^ipment com- 
prising a high-purity copper alloy, which have a small wiring resistance, excel in resistance to electrcwrigratfon and oxi- 
dation, and are able to form a wiring film having excellent unrformrty of film corrposrbon and film thickness. 

35 Disclosure of the Invention 

[0006] bn order to solve the above-described problems, the present inventors conducted repeated experiments, and 
found that a fim which has a low wiring resistance and excels in resistance to electn>™igratjon and Gradation could be 
obtained by selecting Mg as the element to be added, determining the composition within a certain range, and specrfy- 

40 ing the quantity of impurities in remaining copper, rt was also found that the control of crystal grain diameters of the tar- 
get below a certain value, and the reduction of variation of the grain diameters were extremely effective tor realizing the 
film which excelled in the unrformrty of film composition and fim thickness; and that the uniformity of fim composition 
and film thickness was further improved by changing the material for the component parts suBjected to erosion from 
pure copper to the copper -Mg alloy same as in the target 

45 [0007] That is. according to a first aspect of the present invention, there rs provided a sputtering target comprising 
a high-purity copper alloy, wherein the content of each of Na and K is 0.5 wt (by weight) pprn (hereinafter: ppm) or less, 
the content of each of Fe. Ni, Cr, AJ, and Ca is 2 ppm or less, the content of oxygen is 5 ppm or less, the content of each 
of U and Th is 1 wt ppb (hereinafter: ppb) or less, the content of Mg is 0.02 to 4wt% (by weight %), and the content of 
copper is 99.99wt% or more in the remaining copper other than the gaseous components and Mg. 

so [0008] According to a second of the present invention, there is provided a sputtering target comprising a high -purity 
copper alloy, wherein the content of each of Na and K is 0.1 ppm or less, the content of each of Fe, Ni. Cr, AJ, and Ca 
is 1 ppm or less, the content of oxygen is 5 ppm or less, the content erf each erf U and Th is t ppb or less, the content of 
Mg is 0.02 to 4wt%. and the content of copper is 99.995wt% or more in the remaining copper other than the gaseous 
components and Mg. 

55 [0009] According to a third aspect of the present invention, there is provided the sputtering target comprising a 
high-purity copper alloy according to the first or second aspect wherein the crystal grain diameter of the target materi- 
als is 200 jam or less, and the variation of the average grain diameter throughout the target materials is ±20% or less. 
[0010] According to a fourth aspect of the present invention, there is provided th sputtering target comprising a 
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high-purity copper ailoy according to the first or second aspect, wherein the crystal grain diameter of th target materi- 
als is 50 or less, and the variation of the average grain diameter throughout the target materials is ±20% or less. 
[001 1] Accord ng to a fifth aspect of th present invention, there is provided a axnponent part of thin film forming 
equipment used during the sputtering of th target according to any of th first to fourth aspects, wherein the content of 
5 each of Na and K is 0.5 pom or less, the content of each of Fe, Ni, Cr, Al, and Ca is 2 ppm or less, the content of oxygen 
is 5 ppm or less, the content of each of U and Th is 1 ppb or less, the content of Mg is 0.02 to 4wt%, and the content of 
copper is 99.99wt% or more in the remaining copper other than the gaseous components and Mg; and the component 
part is subjected to erosion during sputtering. 

[001 2] According to a sixth aspect of the present invention, there is provided a component part of thin film forming 
io equipment used during the sputtering of the target according to any of the first to fourth aspects, wherein the content of 
each of Na and K is 0.1 ppm or less, the content of each of Fe, Ni. Cr. Al. and Ca is 1 ppm or less, the content of oxygen 
is 1 ppm cr less, the content of each of U and Th is 1 ppb or less, the content of Mg is 0.02 to 4wt%, and the content of 
copper is 99.99wt% or more in the remaining copper other than the gaseous components and Mg; and the cornpohent 
part is subjected to erosion during sputtering. 

15 

Detailed Description of the Preferred EmbocSments 

[0013] The present invention will be cksscribed below in detail. 

[0014] tn order to guarantee the reliability of operation of semiconductor elements formed by sputtering, it is 
20 required to eliminate rnpurities which are harmful for the semiconductor elements as much as possible. Particularly 
harmful impurities include: 

(1) AJkaJine metal elements such as Na and K. 

(2) Radioactive elements such as U and Th, and 

25 (3) Transition metal elements such as Fe, Ni. and Cr. 

[001 5] Since alkaline metal elements such as Na and K diffuse easily, and migrate within the insulating film easily 
to cause the properties of the MOS-LSI interface to degrade, the content of each of them should be 0.5 ppm or less, 
preferably 0.1 ppm or less. 

30 [0016] Since radioactive elements such as U and Th radiate a-rays cause the soft enor of semiconductor elements, 
the content of each of these elements should be strictly limited to 1 ppb or less. 

[0017] Transition metaJ elements such as Fe, Ni, and Cr may cause the trouble of interfaciaJ junctions. Therefore, 
the content of each of them shouW be 2 ppm or less, preferably 1 ppm or less. 

[001 8] In addition to such elements harmful to semiconductor elements, other impurities must also be minimized. 
35 Therefore, the content of each of light metal elements such as Al and Ca. as well as heavy rnetaJ elements should be 
2 ppm or less, preferably 1 ppm or less, 

[001 9] In addition, since the presence of oxygen is not preferable because it elevates the electrical resistance of the 
formed film or the like, and affects the surface nrorphology of the fim. the content of oxygen should be 5 ppm or less. 
[0020] Furthermore, since other impurity components may tower electrical resistance, it is preferred to minimize 
40 them as much as possible, and the content of each of them should be 2 ppm or less, preferably 0.5 ppm or less. The 
overall purity of copper, other than gaseous cornponents and Mg. should be 99.99wt% or more, preferably 99.995wt% 
or more. — - . 

[0021] The content of Mg, which is an addrtive component less than 0.02wt% has no effect for the irrprcvement of 
resistance to electro-migration and oxidation, while the content exceeding 4wt% is not preferred because of the signrf- 
45 icant increase of wiring resistance. Also, the content of Mg exceeding 4wt% is not preferred because the segregation 
of magnesium cannot be ignored, and the variation of sheet resistance increases. 

[0022] Furthermore, in order to realize the unrformrty of composition and thickness of the film formed by sputtering, 
it is effective to reduce the crystal grain diameter of the target, and to minimize the variation of the crystal grain diameter . 
The average grain diameter in the sputtered surface, and the variation of the average grain diameter across the surface 

so affect the unrformrty of compc«rtion and thickness of the film. 

[0023] rf the average grain diameter exceeds 200 jim, it is drfficurt to lower the mean dispersion of the sheet resist- 
ance in an 8-inch wafer to 2.0 or less. Moreover, if the variation across the surface exceeds 20%, the mean dispersion 
of the sheet resistance undesirably becomes 2.0 or more. More preferably, rf the average grain diameter is 50 pirn or 
less, and the variation across the surface to 20% or less, the mean dispersion of the sheet resistance in an 8-inch wafer 

55 can be about 1 .0. The average grain diameter used herein is the value obtained by the cutting method in accordance 
with J IS H 0501 . The variation used herein is the variation of average grain diameters over a large area, such as at th 
center, at the middle point of the radius, and at the circumference of the sputtering surface of an circular target about 
300 mm in diameter, and also the variation of average grain diameters in the thickness direction of the target, such as 
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at the top, at the mid-point of the thickness, and the bottom. The variation of the sheet resistanc depends on the uni- 
formity of both film composition and film thickness. 

[0024] In add-on, the mean dispersion of the sheet resistance in an 8n'nch wafer can further be lowered to about 
0.7 by changing th material of parts subjected to erosion from pur copper to a copper-Mg alloy same as th target 

5 

[Examples] 

[0025] The present invention will be described in detail below referring to examples; however, the present invention 
is by no means limited to these examples. 

10 

(Example 1) Target 1 

[0026] A high-purity copper alloy ingot (157 mm in diameter, 60 mm in thickness) having an Mg content of 0.03wt%, 
prepared by the electrolytic purification of electrolytic copper in a nitric acid acidic bath in which the anode and the cath- 

75 ode are separated by a diaphragm, the addition of Mg, and vacuum melting, was heated to 400°C and hot-forged to 1 90 
mm in diameter and 40 mm in thickness. This was further heated to 400°C, and rolled to 265 mm in diameter and 20 
mm in thickness. Thereafter, this work piece was cold-rolled to 360 mm in diameter and 10 mm in thickness, heat- 
treated at 500°C for one hour, and latched into a oSsc having a diameter of 13 inches and a thickness of 7 mm. The 
backing plate was made of an Al alloy having a diameter of 13 inches and a thickness of 15 mm. After the target and 

20 the backing plate were degreased and washed by acetone using ultrasonic waves, they were laminated by solid phase 
diffusion bonding in a vacuum of 5 x 10* 3 ton* at a bonding temperature of 300°C under a pressure of 1 0 kgAnm 2 . After 
bonding, the laminated pair was machined into a cmskxvjoined target with a backing plate, having a target dimensions 
of 12.98 inches in ciameter and 6.35 mm in thickness. 

26 (Example 2) Target 2 

[0027] A target was fabricated in the same conditions as in Example 1 except that the Mg content was 0.8wt%. 
(Example 3) Target 3 

30 

[0028] A target was fabricated in the same conditions as in Example 1 except that the Mg content was 1 .5wt%. 
(Example 4) Target 4 

35 [0029] A target was fabricated in the same conditions as in Example 1 except that the Mg content was 3.7wt%. 
(Example 5) Target 5 

[0030] A target was fabricated in the same condrtions as in Example 1 except that the Mg content was 0.8wt%. and 
40 the heat-treatment temperature was 600°C. 

(Example 6) Target 6 - 

[0031] A target was fabricated in the same conditions as in Example 1 except that the Mg content was 0.8wt%. A 
45 high-purity copper alloy ingot of the same composition (157 mm in diameter and 60 mm in thickness) was heated to 
400°C. and was hot-forged to 480 mm in length. 60 mm in width, and 40 mm in thickness. From this a material for com- 
ponent parts was cut and machined into a pin and a cap for covering the pin. Thereafter, the remaining material was 
coid -rolled to 1400 mm in length, 60 mm in width, and 10 mm in thickness, heat-treated at 500°C for one hour, and 
machined into a ring. 

50 

[Comparative Examples] 
(Comparative Example 1) Target 7 
55 [0032] A target was fabricated in the same conditions as in Example 1 except that no Mg was added. 
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(Comparative Example 2) Target 8 

[0033] A target was fabricated in the same conditions as in Example 1 except that th Mg content was 4.5wt%. 
(Comparative Example 3) Target 9 

[0034] A diffusion-joined target was fabricated in the same process as in Example 1 using a copper alloy ingot of 
an Mg content of 0.8wt% prepared by vacuum induction melting of electrolytic copper having a purity of 3N5 together 
with Mg. 

(Comparative Example 4) Target 10 

[0035] A target was fabricated in the same conditions as in Comparative Example 3 except that the heat-treatment 
temperature was 700°C. 

(Comparative Example 5) Target 1 1 

[0036] A target was fabricated in the same corriitions as in Comparative Example 1 except that the heat-treatment 
temperature was 300°C. 

[0037] The Mg content and impurity contents of targets thus fabricated are shown in Tabie 1. 
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55 

[0038] The crystal grain diameters of the targets, and the variation of th average grain diameters ar shown in 
Table 2. 
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[Table 2] 



5 Properties of targets 
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20 

[0039] Using targets of the above-desenbed Examples and Comparative Examples, fims were formed on Si sub- 
strates each having a diameter of 8 inches under conditions of an Ar gas pressure of 5 rrrtorr, a sputtering power of 15 
kW, and a distance between the substrate and the target of 50 mm, and the specific resistance, resistance to etectro- 
mio/ation. and the dstrbutioo variance of film thickness were evaluated. Incidentally, since these values vary during the 

25 initial stage of sputtering, they were evaluated after performing dummy runs until the values were stabilized. The parts 
eroded in the sputtering chamber was made of high-purity copper of a purity of 99.9999wt% except Example 6. 
[0040] Incidentally, for evaluating oxidation resistance, a 1 -jam thick film was formed on an 8-inch Si substrate under 
the same conditions as described above, and held for 15 minutes in the air at 200°C. The distrbution of oxygen in the 
thickness direction of the flm was investigated using an Auger analyzer. 

30 [0041 ] Table 3 shows the specific resistance, variance of f am thickness cfistrixrtion, and the depth from the surface 
where oxygen is detected from the film in terms of sputtering time in Auger analysis. The table shows that when sput- 
tering time is shorter, the depth of oxygen invasion into the film is lesser, and the higher oxygen resistance is obtained. 
These values were taken after performing dummy runs until the values were stabilized. 



[Table 3] 
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[0042] For comparing resistance to electro-migration, a flm having a width of 10 ujti, a thickness of 1 jim. and a 
length of 1 0 mm was formed on a wafer, heated to 400° C in argon, and the presence of voids and hillocks was checked 
after passing an electric current of 10 amperes for one hour. The results are shown in Table 4. 
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[Table 4] 
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20 Effect of the Invention 

[0043] Using the target of the present invention having the composition range of Mg within a certain range, speci- 
fied quantity of impurities in remaining copper, and crystal grain diameters and the variation thereof specified to certain 
values or betow. a uniform f 1m having a low wiring resistance and excellent resistance to electro-migration and oxida- 
25 ton can be formed uniformly on a wafer, and a reliable wiring f im which can be used even for finer multi-layer wiring. In 
addition, by specifying the material of the parts subjected to erosion to be the same material for the target, a more uni- 
form wiring flm can be formed. 

Claims 

30 

1. A sputtering target comprising a high-purity copper altay, wherein the content of each of Na and K is 0.5 ppm or 
less, the content of each of Fe, Ni, Cr. Al. and Ca is 2 ppm or less, the content of oxygen is 5 ppm or less, the con- 
tent of each of U and Th is 1 ppb or less, the content of Mg is 0.02 to 4 wt%, and the content of copper is 99.99 
wt% or more in the remaining portion other than the gaseous components and Mg. 

35 

2. A sputtering target comprising a high-purity copper alloy, wherein the content of each of Na and K is 0.1 ppm or 
less, the content of each of Fe, Ni. Cr, AJ. and Ca is 1 ppm or less, the content of oxygen is 5 ppm or less, the con- 
tent of each of U and Th is 1 ppb or less, the content of Mg is 0.02 to 4 wt%, and the content of copper is 99.995 
wt% or more in the remaining portion other than the gaseous components and Mg. 

40 

3. The sputtering target comprising a high-purity copper aUoy according to claims 1 or 2, wherein the crystal grain 
diameter of the target materials is 200 pm or less, and the variation of the averagegrain diameter throughout the 
target materials is ±20% or less. 

45 4. The sputtering target comprising a high-purity copper alloy according to claims 1 or 2, wherein the crystal grain 
diameter of the target materials is 50 jim or less, and the variation of the average grain diameter throughout the 
target materials is ±20% or less. 

5. A component part of thin film forming equipment used during the sputtering of the target according to any of claims 
so 1 to 4, wherein the content of each of Na and K is 0.5 ppm or less, the content of each of Fe, Ni, Cr, Al, and Ca is 
2 ppm or less, the content of oxygen is 5 ppm or less, the content of each of U and Th is 1 ppb or less, the content 
of Mg is 0.02 to 4wt%, and the content of copper is 99.99wt% or more in the remaining portion other than the gas- 
eous components and Mg; and the component part is subjected to erosion during sputtering. 

55 6. A component part of thin film forming equipment used during the sputtering of the target according to any of claims 
1 to 4, wherein the content of each of Na and K is 0.1 ppm or less, th content of each of Fe, Ni, Cr. AJ, and Ca is 
1 ppm or less, the content of oxygen is 5 ppm or less, the content of each of U and Th is 1 ppb or less, the content 
of Mg is 0.02 to 4wt%. and the content of copper is 99.995wt% or more in th remaining portion other than the gas- 
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eous components and Mg; and the component part is subjected to erosion during sputtering. 
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